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MASS FLOW CONTROLLER 



TECHNICAL FIELD 

The present invention relates to a mass flow controller. More 
particularly it relates to a mass flow controller free from pressure 
effects . 

BACKGROUND ART 

Fig. 4 is a diagram showing an example of semiconductor manufacturing 
line using a conventional mass flow controller. In Fig. U, reference 
numerals 11, 12 are chambers composing two systems of semiconductor 
manufacturing line, 13a to 13d are gas feed lines for feeding different 
gases G i, G 2 into chambers 11, 12, and 14, 15 are gas cylinders for 
feeding gases d , G 2 , respectively. 

The gas feed lines 13a to 13d are composed of mechanical pressure 
regulators 16a to 16d, gauges 17a to 17d at the downstream side of the 
pressure regulators 16a to 16d, and mass flow controllers 18a to 18d. 
Reference numerals 19a to 19d are filters. The gas feed lines 13a, 13c 
supply gas Gi into the chambers 11, 12, and the gas feed lines 13b, 13d 
supply gas G 2 into the chambers 11, 12. That is, plural gases Gi , G 2 are 
supplied into plural lines 13a to 13d. 

The pressure of the gases Gi , G 2 supplied from the cylinders 14, 15 
is usually reduced to about 98 kPa at the outlet side, and by further 
reducing to about 30 kPa, for example, by the pressure regulators 16a to 
16d, the gases are supplied into the mass flow controllers 18a to 18d, so 
that damage of mass flow controllers 18a to I8d may be prevented. The 
manager of semiconductor manufacturing line controls the mass flow 
controllers 18a to I8d so as to supply gases d , G 2 at specified flow rat e 



in the chambers 11, 12, and adjusts the pressure regulators 16a to 16d 
while observing the gauges 17a to 17d, and therefore adjusts properly the 
pressure of gases Gi , G 2 to be supplied into the mass flow controllers 
18a to I8d. 

As shown in Fig. 4, by combining the mass flow controllers 18a to 18d 
with pressure regulators 16a to 16d, stable control is realized if pressure 
fluctuates slightly at the supply side of gases Gi , G 2 . 

However, in the conventional combination of mass flow controllers 18a 
to 18d with the pressure regulators 16a to 16d, the plural members 16a to 
16d, 17a to 17d, 18a to 18d, and 19a to 19d must be linked and coupled, it 
takes much time and cost in installation of gas feed lines 13a to 13d. 
Besides, the greater the number of pipings for connecting the members 16a to 
16d, 17a to 17d, 18a to 18d, and 19a to 19d, the higher becomes the risk of 
gas leak and other problems at junctions, and the resistance caused by 
piping may bring about limits in flow rate or unstable elements. 

Only by flow control by combination of the mass flow controllers 18a 
to 18d with the pressure regulators 16a to 16d, it was not always possible 
to control the flow rate stably, in case of substantial changes in flow 
rate, due to fluctuations of inlet side pressure and outlet side pressure 
of the flow rate control device in the mass flow controllers 18a to I8d. 

That is, while the flow rate is somewhat stable, the mechanical 
pressure regulators 16a to 16d can adjust the pressure appropriately, but 
it may not be possible to follow when flow rate changes suddenly, and 
pressure fluctuations at the inlet side caused by sudden control of flow 
rate by the mass flow controllers 18a to 18d may cause instability in 
control of flow rate by the mass flow controllers 18a to I8d. 

Besides, sudden changes in gas flow rate supplied by the gas feed 
line 13a may cause effects on the pressure at the upstream side of the 
pressure regulator 16a, and it may also lead to disturbance in the flow rate 
of the gas supplied by other gas feed line 13c branched off from this. 
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Further, as shown in Fig. 5, in order to reduce the cost, a plurality 
of mass flow controllers 18a to 18d may be controlled by branching and 
connecting pipes from the pressure regulators 16a, 16b, but in such a case, 
however, effects of pressure fluctuations becomes greater. 

The invention is devised in the light of the above problems, and it 
is hence an object thereof to present a mass flow controller capable of 
controlling always stably at setting flow rate in spite of pressure 
fluctuations at either upstream side or downstream side of the mass flow 
controller . 

DISCLOSURE OF THE INVENTION 

To achieve the object, the mass flow controller of the invention has 
a flow rate control valve and a flow rate sensor, more specifically 
comprising a pressure control valve disposed at the upstream side of the 
flow rate control valve, a pressure sensor disposed between this pressure 
control valve and the flow rate control valve, and a controller for 
controlling the pressure control valve by feeding back the output of this 
pressure sensor. 

Therefore, by using this mass flow controller, if pressure 
fluctuations occur at its upstream side, such effects can be securely 
eliminated by the pressure control valve controlled by feedback with the 
output of the pressure sensor, and pressure fluctuations occurring at the 
downstream side of the mass flow controller can be securely eliminated by 
the flow rate control valve controlled by feedback with the output of the 
flow rate sensor. 

That is, if pressure fluctuation occurs whether at the upstream side 
or at the downstream side of the mass flow controller, the flow rate can be 
always controlled stably. In other words, since the mass flow controller 
itself has a pressure adjusting function, and the inlet side pressure of the 
flow rate control valve can be always kept constant, and its performance 
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can be opened up to the maximum extent. Hence, the flow rate accuracy and 
stability may be enhanced. 

In order to supply gas at stable flow rate, conventional mechanical 
pressure regulators are not needed, and the structure of gas feed line can 
be simplified, and the cost for construction of gas feed line can be saved. 
In addition, it is not necessary to link and couple plural members, and it 
eliminates risk of gas leak due to formation of unnecessary piping passages 
and connections, or reduction of pressure due to passage resistance. 

When the pressure sensor faces to the passage immediately before the 
flow rate sensor, the pressure sensor faces to the passage required in the 
mass flow controller, and the mass flow controller can be formed in a 
compact design, and since the pressure sensor is provided in the passage 
immediately before the flow rate sensor, a stable flow rate control is 
realized by feedback control using this flow rate sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing an example of mass flow controller 
of the invention. 

Fig. 2 is a diagram showing an example of measurement of flow rate 
control by using the mass flow controller. 

Fig. 3 is a diagram showing an example of semiconductor manufacturing 
line using the mass flow controller. 

Fig. 4 is a diagram showing an example of semiconductor manufacturing 
line using a conventional mass flow controller. 

Fig. 5 is a diagram showing other example of semiconductor 
manufacturing line using the conventional mass flow controller. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Fig. 1 is a block diagram showing an example of mass flow controller 
1 of the invention. This mass flow controller 1 comprises a passage block 3 
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for forming a passage 2 for passing a fluid (in this example, the fluid is 
a gas, but the fluid is not limited to gas alone), a pressure control valve 
4 coupled to this passage block 3, a flow rate sensor 5, a flow rate control 
valve 6, two pressure sensors 7, a controller 8 for controlling the members 
4 to 6, and a filter 9. 

The passage 2 is formed to circulate through the passage block 3, 
consisting of first to third passages 2a to 2c. Piping joints 3a, 3b are 
provided at the upstream end of the first passage 2a and downstream end of 
the third passage 2c, respectively. The passage 2 may be formed by 
drilling, casting or other method, and if the second passage 2b is formed by 
drilling, the passage block 3 must be separated at least at one position, 
but anyway by forming the passage blocks 3, 3a, 3b integrally on the whole, 
gas leak can be prevented. 

The pressure control valve 4 is composed of a diaphragm 4a abutting 
against a valve seat 3c formed, for example, at one side of the passage 
block 3, and its actuator 4b, and the opening degree for linking and 
coupling the passages 2a, 2b is controlled by a control signal Cp. 

The flow rate sensor 5 is composed of a straightening element 5a 
inserted, for example, in the second passage 2b, a branch passage 5b for 
branching a specified flow rate 1/A from the second passage 2b, and a 
sensor main body 5c provided in this branch passage 5b, and issues a 
passage signal Sf showing the total flow rate F. 

The flow rate control valve 6 is composed of a diaphragm 6a abutting 
against a valve seat 3d formed, for example, at one side of the passage 
block 3, and its actuator 6b, and the opening degree for linking and 
coupling the passages 2b, 2c is controlled by a control signal Cf . 

The pressure control valve 4, flow rate sensor 5, and flow rate 
control valve 6 are aligned at one side (upper side) of the passage block 
3, and hence the overall size of the mass flow controller is suppressed. 

The pressure sensor 7 is composed of a first sensor 7a disposed at a 
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side of the passage block 3 so as to face to the first passage 2a, and a 
second sensor 7b disposed at a side of the passage block 3 so as to face to 
the second passage 2b, and the both pressure sensors 7a, 7b are buried in 
the passage block 3 in the different side of the side of mounting the 
members U and 5 (in this embodiment, in Fig. 1, before the first passage 2a 
and inside of the second passage positioned immediately before the 
straightening element 5a composing the flow rate sensor 5). Hence, the 
pressure sensor 7 can be installed without increasing the overall size of 
the mass flow controller 1. The sensors 7a, 7b issue pressure signals Spa, 
Spb showing pressures Pi , Pc in the first passage 2a and second passage 2b, 
respectively . 

In this embodiment, the sensors 7a, 7b are provided at the side of 
the passage block 3, but the mounting side is not particularly specified as 
far as the pressure sensor 7 faces to the passage 2. That is, they may be 
buried in the lower side of the passage block 3, or in the upper side, at 
any position not disturbing the control valve 4, flow rate sensor 5, or flow 
rate control valve 6. 

The controller 8 consists of a control unit 8b for feeding back 
pressure signals Spa, Spb (outputs) from the pressure sensor 7, issuing a 
pressure control signal Cp, and controlling the pressure control valve 4 by 
feedback, a control unit 8a for feeding back flow rate signal Sf from the 
flow rate sensor 5, issuing a flow rate control signal Cf , and controlling 
the flow rate control valve 6 by feedback, and an interface 8c with outside. 

The control unit 8a controls the flow rate control valve 6 by feedback 
according to a signal from outside, and also issues a control signal to the 
control unit 8b to control the pressure Pc immediately before the 
straightening element 5a at a specified pressure. 

Although not shown in the drawing, the controller 8 has a display 
unit for showing set values of flow rate F or provisional pressure Pc, or 
values ? } , Pc, F measured by sensors 5, 7a, 7b. The values Pi , Pc, F 
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measured by sensors 5, 7a, 7b can be issued outside through the interface 
8c. The interface 8c may be either digital communication means or analog 
input and output means. 

In this embodiment, in order to clarify the control relation, the 
control units 8a, 8b are shown separately, but the invention is not limited 
to this structure, and the entire mechanism may be supervised and 
controlled by one controller 8 and the manufacturing cost may be lowered. 

In addition, control of pressure control valve 4 by the control unit 
8b is not limited to feedback control by using only the output signal Spb 
from the pressure sensor 7b, and it may be controlled by using output signal 
Spa from the pressure sensor 7a. By using the pressure sensor 7a as in 
this example, the pressure of the gas supplied in the mass flow controller 
1 can be monitored, but this pressure sensor 7a may be also omitted. 

In the mass flow controller 1 of the invention, the control unit 8b 
controls the pressure control valve 4 by feedback to a specified pressure 
Pc by using the pressure signal Spb from the pressure sensor 7b, and 
therefore if the inlet side pressure Pi of the mass flow controller 1 
fluctuates due to some effects, the mass flow controller 1 can control 
stably. Besides, since the control unit 8a controls the flow rate control 
valve 6 by feedback so that the measured flow rate F may conform to the 
preset flow rate Fs by using the flow rate signal Sf from the flow rate 
sensor 5, and therefore if the outlet side pressure P 2 of the mass flow 
controller 1 fluctuates, it is free from its effects. 

Therefore, unlike the prior art, the mass flow controller 1 of the 
invention does not require pressure regulators 16a to 16d in its up-stream. 
Since the mass flow controller 1 of the embodiment also incorporates the 
filter 9, it is not required to link and couple filters 19a to 19d 
separately as needed in the prior art. As a result, the gas feed line is 
simplified, and the mounting footprint is saved. In this embodiment, the 
filter 9 is disposed at the utmost upstream side of the passage 2, but the 
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invention is not intended to specify the position of the filter 9. As the 
case may be, the filter 9 may be omitted. 

In particular, in the embodiment, the pressure sensor 7b faces to the 
passage 2b immediately before the flow rate sensor 5 in the integrated 
passage block 3, and the predetermined pressure Pc can be kept by using the 
pressure signal Spb of the pressure sensor 7b; therefore, the flow rate F in 
a state that the pressure Pc is constant can be measured correctly by the 
flow rate sensor 5. 

Also, in the embodiment, the pressure control valve 4 and flow rate 
sensor 5 are arranged side by side, and the second passage 2b disposed 
between them is designed as short as possible, and hence the time delay of 
pressure Pc with respect to the output of the opening degree control signal 
Cp of the pressure control valve 4 is minimized, and fluctuations of 
pressure Pc in the section of the flow rate sensor 5 are made as small as 
possible . 

Further, in the second passage 2b between the pressure control valve 
4 and flow rate sensor 5, the pressure sensor 7b is disposed at a position 
as close to the flow rate sensor 5 as possible (the passage composed 
immediately before), so that a pressure Pc having less effects of 
disturbance or the like can be measured. As a result, the control accuracy 
and stability of flow rate by the mass flow controller 1 can be enhanced. 

In addition, by eliminating fitting and piping from the second 
passage 2b between the pressure control valve 4 and flow rate sensor 5, it 
is free from risk of pressure drop due to passage resistance or gas leak. 

Fig. 2 is an example of measurement of pressure Pi at upstream side 
of mass flow controller 1 , flow rate set value Fs , flow rate F determined 
from output signal Sf of flow rate sensor 5, and control signals Cp, Cf 
when pressure P 2 is varied at downstream side. 

In Fig. 2, the axis of abscissas denotes the time (seconds), and 
pressures Pi , P 2 are varied at random in every about 5 seconds, and in 
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this example, for example, the upstream side pressure Pi is changed 
suddenly in a range of 200 ± 50 kPa, and the downstream side pressure P 2 
is changed suddenly in a range of 0 to 3.8 kPa. 

As shown in Fig. 2, the control signal Cp changes by following the 
variation of the upstream side pressure Pi of the mass flow controller 1, 
and hence the pressure Pc is kept constant in the second passage 2b 
installing the pressure sensor 7b. The control signal Cf changes by 
following the variation of the downstream side pressure P 2 of the mass flow 
controller 1 , and hence the flow rate F flowing in the flow rate sensor 5 
is kept constant. 

Herein, comparing the actually flowing flow rate F and the set value 
Fs of flow rate, the actual flow rate F varies slightly at the moment of 
sudden changes in the pressures Pi , P 2 , but the width of variation is 
very slight, and it returns to the set value Fs immediately in a very short 
time. 

That is, by using the mass flow controller 1 of the invention, if 
sudden pressure fluctuations occur whether at the upstream side pressure P 
i or at downstream side pressure P 2 , a specified flow rate continues t o 
flow always by a very stable control. 

Fig. 3 shows an example of forming a semiconductor manufacturing line 
in the same configuration as in the prior art shown in Fig. 4 by using the 
same mass flow controller 1 . In Fig . 3 , the same reference numerals as in 
Fig. 4 represent the same parts and detailed description is omitted. 

In Fig. 3, reference numerals 1a to 1d are mass flow controller 1 of 
the invention. That is, by using the mass flow controller 1 of the 
invention, the gas feed lines 13a to 13d can be composed in a very simple 
structure, and the time and labor for building the gas feed lines 13a to 13d 
can be saved. At the same time, only a small area is required for 
installing the gas feed lines 13a to 13d. 
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INDUSTRIAL APPLICABILITY 

Linking and coupling points of piping in gas feed lines 13a to 13d 
are very few, and the risk of gas leak or other troubles can be reduced. 

As explained herein, according to the invention, the flow rate can be 
controlled at high precision and in a simple operation, without effects of 
pressure fluctuations at the upstream side and downstream side. Besides, 
since pressure regulators are not required in the stage before the mass flow 
controller, the cost performance can be enhanced substantially. 
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